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(54) POLYESTERS 

(71) Wc, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical Hoose, Millbanl^ Lraidan, SWIP 3 JF, a British Company, do hcreljy dS^ 
the mvaxricm, f which we pray that a patent may be granted to ust, and die mrifliod 
by wMch it is to be perfumed, to be particulariy described in and by die following 
5 statement:^ 

This invention idates to the production of hig^y potymezic polyestcis of 
aromatic dicarboxyEc aads and dihydric akt^ls, 

Hi^ polymeric polyesters of aromatic dicarboocylic acids and dihydric-alcoiKris 
are known to be isefid thcnnofdastic materials capable of ccmacsioa to film s^ ffajcs 
10 and moulded articles having a desirable comhinaticai of physical and chemical 
prc^)crtics. Examples of such poiycstexs are diose prepared, for example, . from 
terephthalic aad or l,2-diO>-caTboxypbenaxy)ediane and ediyicne ^tyctd of biAane- 
1,4-dioI ax l>4-dihydraxymediylcydohcxanc 

Many processes have been proposed for the imjducrion of diesc polyesters but in 
15 general they proceed via the fonnation of die bis(dihycfai: aIcohoi)cster of the 
aromatic dicarboxylic add and the polycondcnsation of nhis intcimedfetB to highly 
polymeric polyester witb loss of dfliydric akcAol by heating m a mcdten state taider 
reduced pressure. The bis ester may be formed, for example, by reaction of the 
arom^ dicarboocyiic acid or an estcr-fotrming derivative thereof, for example 3 
20 dialkyi ester, with the dihydric akobol, or by rcacnon of die dicaiboiylic ac«i widt 
an ester-foarming derivative of the alcohol, for example, ediyicne ccckie <a: cdxylenc 
carbwiate m the case of ethylene glycid. The process of reactmg die acH widi die 
d%dnc alcoiioJ is gcneraUy xeferrcd to as direct estenficarion, whereas tiie reactrcn of 
• dialkyl ester wjth die dihydric alcohol is generally referred to as tianscsccrificarion. 
u t.- modify, dOute or lose the higjily desirable characteristic properties of 

the hi^y polymeric polyesters of dihydric alcohols and aromatic dicarboiylic adds. 
It IS preferred that the pdycondcnsable material consist substantiaify cntirdy of one 
or more bis(dihydric alcohol) esters of ttromatic dicarbo:^dK: acids. However, the 
U^T^ ^ concentration of odicr pdycondcnsable material may be tolerated, 
30 jf desired, for example to improve dyeabMity. For examplt^ up to about 5 mole V 
of die dihydnc alcohol moiety in the his ester or esters may be replaced by at le^ 
OTie odier polycondensablc dihydroxy ctanpound and/or up to about 5 mole y <rf 
die ajranatic dicarboxylic add moiety may be rej^ced by at least one odicr^di- 
carboxyiic and. Up to about 5 moic % <rf die pdycradensable mimne may also 
^0 consist of Mher mono- or polyfunctional material, if desired. However, it is usually 
preferred diat at least 85 mok %, and prderaWy at least 95 mole %> of die poly- 
craidensable mixture consists of bis(dihydric akoho^ ester of ammaric drcarboiyiic 
aad or an oligcwmer thereof. 
A(\ ^ process of forming the intermediate and its convenion to highly 

polymeric polyester by polycondensatian are aided by the use of catalysts, which 
arc generally metal compounds. In most conventional processes, different catalysts are 
used for die preparatiocQ of Ac bi^dihydric aicohor)ester intermediate and for die pciy- 
condensatwn, and die present invention provides an unproved prrcess for the ooiv«- 
coodensanon stage. ^ r ir^j 

British Patent No. 1,046,831 describes a process for die pioducrioai of highly 
polymeric hnear ptrfyesters of arwnatic dicarboxyhc adds by die catalytic polymcr- 
iran^ of a his(a>-hydTOsyalkyI)eto or bis( hydimycyd oalkyI)ester of the aromatic 
<iicarboiyIic aad, wherem diere is present during die polymerisation at least 0.05%, 
[PricF 2Sp] ' ■ 
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based on tixc weight of die dialkyl ester of the aromatic dkarbosyUc acidy of cmam 
specified Qrgana-phosphDtus CQmpoimds» The pot^merisanco h catalysed m amrnt- 
tianal maimef, for eiamplc with metallic cwnponnds sodi as aaaamm^ tiiflaidc. 
Bmkh PatEDt No. 1,013^ describes a polyester 

(1) a highly pdymcriscd poiycstcr derived fraa a diftmctttmal aoEd coaDponcnt 
camprising.at least 8a moie % of tercphdialic acid and a dihydric aicoJiofdDS- 
potnent camprisiog st least 75 moilc % <rf a polymedi^ene gjycol or an alfcydic 
fifrcd; and 

(2) OJ— 20inrfe%(basrfaDthedifunctiQhalacidaHnpcaim^ 

yfaich is a solpbraamide, phoGphonate oa: phos^disiatE; The pdyestcr is pt^>ared 
in convendcuial manner, te examj^ by a poiycandcnsaagn. xtscdsm camtysed 
by a metallic compound, such a5 antimony nooaid^ and the addia'vc is added 
before, dnring or ate the polyamdensatiQn reactioix. 

Bricsfa Patent Na 1^155 describes a pzocess wbidx asnprises m a first stage 
reacting vl dicarbcoylic add or mixture of acids> at least 80 imrfe % ui ytbich is 
tcrephtiialic.Kad- or a Iqpwct aKphaiic ester thereof wWi a ^ycoi to pm^acc a di^Eycol 
ester of the dicarboxylb^ acid a its oligomer, and id a second stage polycondcDsmg the 
diglycol ester or its oiigoxner to prodnce a podyestcr, whexdn at least the second 
stage teactioQ b perfcmn^ in the presence of: 

(a) a ccrimn or lamhanmn compound which is soluhic m the digjycoj ester of the 
dicaiboxyBc acid ot its oligomer, and 

(b) a defined aralkylpbosf^ioanc acid or ester. 

Published Dutch Patent Application Na 7^05,372 describes and danns: 
A two^ge process for the prodtictitBi of hig^ polymeric polyestm by (1) 
tfffliscsterificarimi of a mixmre ctBxtaining a diaUcTl ester of «m axomaric dkaiboocylic 
acui and a dibydiic a3ctAo^ and (2) subscqcsnt polycondensatmsn of the b^dihydric 
alcohol) ester of the anccnatic dkarboxylic acid framed, both stages bcmg^ comducted 
in- the presence of a catalytic system comprising mixture of a metal salt containing 
a weaWy addic anion including oride and a compownd of the gtiigiui e 

X} 

X*— O— 2=0 
I 

where X* is — R or — OR, X» is R and X' is H otr R, where R is a mcnavalent hydro- 
carbon group OCT a sobscmited derivative thereof, and Z is a Grw^ VB clement with ari 
atomic number greater than 7. 

Wc have now found tibat advantageous resuhs may be obtained by the use of 
certain cattalysts for the ptdyctmdcnsarion reaction, in controlled quamincs; 

Accardmg to the present invemion we profvide a process for the pfoducnook 
of highly polymeric poJjmcr by the polycondensation of a polyamdcasable TngWaj at 
least 85 mole % of whidi consists of at leaj^ one bis(dihydric alcciio^cstEr of an 
aiomadc dicaiboxylic add or an oKgomer thereof^ the palyctaidcnsati<Ht being effected 
in the presence;^ as catalyst; of a mixture of 

(a) a mexa^ campcmnt whidi is selected from the salts of zmc, manganese or 
aluminium and zinc oodde^ and 

(b) an organic cconponent which is a compoitnd of the stnictupc 

X^ 

X'—O— z=o 
I 

x» 

wbei^ Z is an element of Group VB of the Pcriodfc Tabk having an atomic 
nmnbcr greater than 7, X* — R or —OR, X* is or — R, and each R, 
which may be the same or diffcrdii; is a hydrocarbon or suhsstnted hydrocarban 
group, in vibkh process the amount of each component dcB^s not exceed O.OSV 
by weight of the polycDaodensablc material 
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(AU references to Ae Periodic Tabk arc to the vmion the Periodic TaWc of 
thcHemento-prmt^ inside the back cover of F A Cotxm and G Wikinscib-^- 
vanced InOT:pmc Chemistry, 2nd Ediaon (1966) Immdcnce PtiWkheis. New York. 
Jucsiaoix and Sydney). 

ft n<o?"il!?^^V.?*^ ^ ccHnponent of the camlyst mixmre does not exceed 5 

^teySa^ on tiie basis^ erf die dimediyl csier of the armmic di. 

ParticalarJy smtaWe aniwiic ligsnds arc die anians of weak adds, for exanrolc 
&e amc^ ofcsgamc adds, j^colariy organic raiboxyiic adds, or dtt anions deriwd 
from enrfisahfc ^-<hltctDne^ for example acetyiacctcme. It ffftfetred diat die metallic 
o^xment is a alt of an ali^rfiatic caxterylic add, far example, an acemeL Zinc 
salts arc panicularlysurahle and are dicrtf ore preferred. x,mc 

araikyl and cydoalkyl gnxupsj particulaiiy alkyi • * ^ ^ * 

PrcfMbty R has 1 to 8 carbon atoms, as in medjyl cdwL isomeric proDvl 15 
!f^lW cyclohexyl, octyl, and benzyl, far ^^Bo^^ Sti 

15 primed that R contams not more dian dght carbon atoanaL the presence in R of 
^^^J^S^ ^ in decy}, dodecyl and n^diyl to cxampleL is not 
Dxtaded. One mom of die hydrogen atoms in R may be replaced, if dcsiici by 
20 oaier monovalent atoms or groups, for eramplc haKdc, -^^11", — JvlO — OOPR' on 
j-COOR', -OOR', -OR'. -lSQ.OR'T-OS&^^ '^S"^^'' 

awms. It B prefcraHe that the substJIxiad groups Qi any) are of 2Ei^tira,ff 
hyto.^ rf r^oa of die canlyst with the pdycanaensaWe mixture is to be 
£> *^M«°-"»o*%Zispho^hanK, when the orga^ 25 

r,^»2^^ S'^'u^^'y '^'^y and the use of the heaner dements of 

Grotip VB IS not ezchided. 

<W ,nr,i\*^ snitaWe pho^onis compounds are dkyi diaftytjAoqdiinates w fialkyl 

conam from 1 to 6 carbon attsns. —vui, 30 

We have f<wnd in particukr that the combinaricBi of 2anc acetate and a 
phosiAonate is capaHe of catalyang the itacdon at roncewiatioos 

P^^ri A polyesters havfag high hminance and W yeao^raIess. 35 

^^"'the SP^r "'^^ "^P"^ br 

rh* ^.^J^*""" espedafly applicable to the producrien of polyesteis wherein 
^^^^Y^'^f"* ? ? *° ""^^ % terephAaac add. iST^awS 
n?^„" ^ i^' Examples of other aromatic dicaxbo^hc adds mdude isc^- 

gtitohc acid and d,nnclear dicarbootylic adds, for example thise iepr««ted by 
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45 ^^-^ * Bnk M- a diTOlmi attan or group which is mm vmder Ae reaction 

^ '^^^ be used arc -v-polymeAylene rircols, ^ 

.iS^^^r" "^'i HO{CH.).OH where X is tan 2 tD 10; b^dA 

ahptoQc ditds, for example 3A5-tiimethylheiane-1.6-dioI and neopemyl glycol; and 
50 "f'^^SL^S!^ I.4-dihydn>xyraeAylcyclohexane and ^itKihvl- 

50 ^^*u,ane-M-dKrf. EAylene glycol and butane diol are prefe^ e^tyX 50 

m amount of catalyst used, calculated on Ae basis of weight of mciallic ccm- 
praem PO- cat weij^ of dimeAyl ester cf lerephAalic add (or eqnh^ent if oAer 
55 <i«i) may be m Ae range 0.0001 to 0.05%, preferably 0.005 to 0.05%. 



4 



134M46 



4 



With the use of tilt catalyA m these caQccatr3tuBis> lapid reacticms may be 
arhffvcdL Aioueovov ^^itb the use of loaziy of the catalysts in the process ctf our sxtcd- 
tion the cdaxicy d the polyester meh has been observed to be beoer (than that of high 
molecalar wdgbt pul>e>teis obtained frcon many processes using coovemkmal catalyse 
5 systems, foi example based om metal acetates only tmd metal oaidK. 5 

It is an advantage osf our process that the inetalhc ctHziponeiit and the organic 
compGDxni^ as definrd above^ may be the sde essential mgtediexits of the catalyst and 
it isTiTinfi'rssaiy to add fiirilier catalysts such as antimoagytnoaade^ 

The polycondensaHie material may he produced in a m y e m iu nal maimer by dktct 
10 csterification or by transgstrnficatioon. It is |Htfarcd that the polycondensable material 10 
is prodi2ce4 by durecc estedficadon of the arcHnatic dicarboxylic add with the dihydiic 
alcohf^ 

Convenn'onal reacdaa cooditiKms may be used for the patyccHidensatsan rcactum 
and other additives may be inchided hdm, during or after the reaction, for example^ 
15 for dehmexnig, stahiHssng^ pigmenrmg and/or odiorwise modt^ymg tlte bi^ modecidar 15 
weight polyester products 

The invcmion is now iSustraicd by the f o!lo%pmg £^ 

Lmnmancc (L) and ycHoitmess (Y), when nMasnred, were dctermpicd wgng a 
"Colonnaster" diileiauiul Coiosimcter manufactnxtd by the Mantrfactmeis Engineer* 
20 ing and Equipment Corporaticaa. 20 
Two general polymczisaticsa procedures were cmf^oycd. In hdth methods, a po4y»- 
mcrfeatiatt vessd was charged with hi5(24iydroxy«hy0 tcrcphtlialaie;, which had been 
prepared in convcntianal manner either by transeteificatian of dhnedti^ texephthalate 
and ethylene glycol or by direct esterificaftian of tearcphthalic arid wkh ethylene ^ycol 
25 PolycoEndcnsation was thai carried oast as descrSied bcJow. 25 
In, method A, a gte poEl3^condaisatioji vessel was used which was fitted 
with a nitxt>een inlet dipping bdow the Jevd of the reaccants, thereby, effectmg 
agkstiosL There was also i^ovision of a vacuum offtake and condensing arrange- 
ments for volatile materials: 
3(> In method B, a stainless seed autodavc was used, which was provided with a 30 

double helical metal stirrer. 

In both methods, titaniuni dioEzide was axlded ^ dehistred polymer was required. 
The tempcratiHC was then raised to 280** C Pressure withm to vessel was reduced 
to 0^ nam of mercury absolute over a period of 30 minutes and heating was con- 
35 tinued at 285*> C 3 hoars in the glass vessel or 1^ hoars in the sted vessel The 35 
polymeric reaction product was emuded onto dull-cast roBci^ and the intrinsic viscosity 
(I.V.) and L and Y values were measured. 

Inttmsic viscosity was determined from rtJativc viscosity measured in 1% sohmon 
in a-chk>rop4iaiQi at 25** C 
40 Abbrcviatioais; Mc^meth^, er=cdjyl, iPr=isopropyl, Ph=phenyJ, 40 

Ac=aceiatci Acac=acctylaccinnatc 

Examples 1 — 7, 

A series of polymers were prq>arcd by procedure A with 0.015% by wdgKt (based 
on dimcihyi tcrqibthalate) of zbc acetate dihyirate and vaiioiss phosphorus com- 
45 pounds. R^ts are summarised in the folfowing table, 45 
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No. 


PhtiRTi n n f rtg 

Compound 


Mfilts of Pbosphoms 
coxupuiiod per loolc 
ztDc componnd 


IV 


L 


Y 


1 


Me(Ph)P(0)OMc 


2 . 


0.49 


78 


11 


2 


McCPh)P(0)OMe 


. 1 


0.52 


85 


7 


3 


Me(Ph)P(0)OH 


2 


0.57 


82 


12 


4 


Ale(Ph)P(0)OH 


1 


0.55 


78 ' 


16 


5 


Me2P(0)0H 


2 


0.55 


77 


12 


6 


Mc,P(0)OH 


1 


0.57 


84 


10 


7 


M^P(0)OMc 


I 


0.58 


80 


18 



Examples 8 — 13. 

A series of polymers were prq)ared using procedure A with 0.025% by weight 
(based on dimethyhcrcphthalatc) of imnganese acetate wMi various phoOTiianJS cam- 
5 pounds. Results are summarised m the following table. 5 



Example 
No. 


Phosphorns 
Compound 


Moles of Phosphorus 
compound per mole 
manganese compom^d 


IV 


L 


Y 


8 


(EtO)jP(0)Me 


2 


0.52 


89 


14 


9 


(iPrO):tP(0)Mc 


1 


0.50 


81 


22 


10 


Mc(PH)P(0)OMc 


2 


0.50 


87 


8 


U 


Mc(Ph)P(0)OMe 


1 


0.54 


87 


13 


12 


McsP(0)OH 


1 


0.49 


82 


17 


13 


MetP(0)OMc 


1 


0.56 


81 


24 



Examples 1^ — 18. 

A series of polymers were prepared using procedure B with 0.015% by w«^te 
(based on dimcthyherepfathalate) of zinc acetate dihydrate and various phosphorus 
cwnpounds. In all cases 0.38% by weight of dtanrom dioxide was added as a 10 
delustrant. Results are summarised in the f oHowing table. 
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Example 
No. 


Phosphonxs 
Conxpoiind 


MoJcs if Fhosphom 
CQsipound per mde 
2i&c compound 


IV 


Cdonr 


14 


McJP(0)OH 


1 


0.79 


mite 


15 


PhJP(0)OH 


2 


0.76 


x> 


16 


CEtO)^0)Et 


Z 


. 0.76 




17 


(EcO)^0)CHftPli 


2 


0.70 


» 


18* 


McPhP{OPMe 


2 


0,62 





*Zhic acetate rq>laced by zinc oxide (0.0055% by weighs calculated (m tht basis 
of dimcth^ tcrephJhalatt)L 



Ezamples 19 and 20. 

A senes of polymers were prq>axtd n^g pr<R^dure B wirfi aimzmuunL coonptsmds 
and yanaas pbosphonis compwaids as catalysts^ In each case 0.5% by waghr 
5 tztaniom dioxide was added as a dehsstxant. Kc^ohs are sbonra bdow. 5 
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irficrcm Z is an dement of Gnmp VB of the PeiiDdic TaWe hamg an atomic 
flomber greater tban 7, X* is — R or —O^ X* is —R, X* is — H or — R, and eadi 
R, may be tfae same or diSercnt> is a hydiocaxbon or s id >&t um ed by dx xxaibon 
gfoop^ in wboch process the amount of each compoDQat dots not exceed 0.05% by 
5 weig^ of the polycondensable material 5 
Z A ptDcess as claimed in daim 1- in which the amount of coEmponest does 
not ci cc rcd 0.05% by wdght calculated on the basis of Ae dimcthjd escer of the 
dicaxboQ^yiic acid. 

3. A propcess as riafrnrd in claim I or daim Z which the metallic composient 
indndes an anica of a weak add. 10 

4. A i^ocess as ct a i iiied in claim 3 in whidi the anioQ is derived &am an oxganic 
carboK]^ add or an enoHsablei^-dikenmc 

5. A process as riaimed in daim 4 in whidi the anioa Is an aliphatic caibor^ats: 

6. A process as rhfmed in any one of the precediDg rinffpg \7bid1 the rt\mVie- 

15 companentisazincsatt I 

7. A process as dazmed m any oaie of the preceding d^ms in which the giuups R 
in die organic ctHnpoment art each iSkyl^ aryi, aralkyl or cydoaO^ having ton 1 to 8 
carbon atoms. 

8. A process as claimed in daim 7 in which each group R is alkyl. 

20 9. A process as dazmed in any <hic of djc preceding claims in which the oerganic - 2\ 

copiponent is a phc^phimcackl or ester, or a pho^thonic e^. . 

10. A process as claimed in any one of the preceding claxxns in which the mcdar 
ratio of organk camponent to mctalKc componeut is in the range 1: 1 to 2: 1. 
lU. A process as daimed in any one of Ac preceding claims in which the amooBic 
25 of metallxc ca mpon ent, calculated on the baas of the dimethyl ester of the dacaiboxylic 2! 
add, is 0.0001 m 0.05% by wcaght 

12. A process as daimed in any one of the preceding daims in which tiie catalyst 
is a mixture of zinc acetate and aa aikyl phosphinatc or jdiosplioaiaCE^ and the amount 
of zbc acetate^ calculated on the basis of the dimethyl ester of the dicarboaylic add, 

30 docs not exceed 0.02% by wcig^ 31 

13. A process as daioied in any one of the i^eceding daams in which, the 
catalyst craisists of the metafile ccsnponent and the organic conxponent as sole essential 
ingredients. 

14. A process as clamacd in any one of the preceding daims in whidi the di- 

35 carboiylic add component of the polycondcnsaWe mataial is tcnqshthalic add. 3^ 

15. A process as daimed in any one of the preceding riarmc in whidi the dihydric 
alcohd compcocnt otf the pc^craidcnsaHe material is ethylene gjycol. 

16. A process as ctencd in any one of the preceding daims in which the poly- 
condensable material has been prepared by direct escerificarion. 

40 17, A process as daimed in daim 1 for the production of highly polymeiic 4( 

polymer substantially as described and with reference to any one of the Exinples. 

18. A highly polymeric poiymcr when prodoced by ike process of any one of the 
preceding claims. 

D. PRICE. 



Ptintwl for Her Majesty's Staticncry Ofiice by the Courier Press, Leamington Spa, 1974. 
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which copies way be obtained. 



